Candidate genes and marker loci for cleft lip/palate (CL/P) were tested using linkage analyses and association studies. Eight British families with apparent autosomal dominant inheritance of nonsyndromic CL/P participated in the linkage analyses while the association analyses involved 61 unrelated British white people with CL/P and 60 controls.
(X2=0954, p>0 1). There was also no evidence of linkage between RARA and the eight CL/P families (Z= -3-211, 0 = 0001). Linkage was excluded between familial CL/P and F13A1 (map position 6p24-25) with an observed maximum lod score of Z = -2052 at 0 = 005. No association was found between alleles at VIM (lOpl3) and the British CL/P subjects (x2 = 0-110, p> 0-5). Multipoint analysis excluded linkage between familial CL/P and the markers DlS65 and DlS58 which flank the Van der Woude syndrome locus with a maximum lod score of Z = -40. This suggests that the genetic defect underlying VWS is not the same as in non-syndromic CL/P. There was no evidence of linkage between CRTL1 (5q15) and the eight CL/P families (Z =3 -3466, o = 005). (J Med Genet 1993; 30:773-8) Complex segregation analysis in different racial groups with cleft lip with or without cleft palate (CL/P) have suggested that clefting is the result of the action of a major locus with reduced penetrance.' 2 In support of the major locus theory is the existence of families with an apparently autosomal dominant pattern of inheritance of CL/P. 34 In an attempt to identify a putative major gene, an association analysis was carried out by Ardinger et al15 which compared the frequency of polymorphisms at various candidate genes in an American CL/P population and a control population. An association between polymorphisms within transforming growth factoralpha (TGFA) and unrelated subjects with CL/P was identified. This association has since been confirmed in English6 and Australian7 subjects of mainly white north European origin. The presence of the association in three different populations suggests that TGFA contributes to In this study, a combined linkage and association approach has been undertaken to test the reported association between RARA and CL/P in a British population and to test other possible major genes which may be involved in CL/P.
Candidate genes were selected on the basis of map positions close to cytogenetic aberrations causing CL/P, proximity to loci known to cause syndromic CL/P, and from published linkage and association studies.
A suggestion of linkage between CL/P and F13A1 (6p24-25) had previously been reported by Eiberg et al.'2 A maximum lod score of Z=366 at 0=000 for males and 0= 026 for females was reported. This locus was selected as a possible marker for CL/P and was tested in a linkage analysis with the eight CL/P families. VIM, map position lOpl3, is present in the medial cell edge during palate fusion'3 and also maps near to the translocation breakpoint in two subjects with non-syndromic CL/P.'4 The karyotype of one subject was 46,XY,t(2;10)(q53;pl3) while the other was 46,XY,t(10;14)(pl3;q24). Its potential as a candidate was tested in an association analysis with the unrelated CL/P subjects.
D 1 S65 and D 1 S58 were selected as markers for 1 q based on the placement of a locus for Van der Woude syndrome (VWS) in the 1q32-42 region.'5 VWS is an autosomal dominant disorder and is characterised by the presence of CL/P, CP, and lip pits. Fusion of lip pits is thought to occur at the same time as fusion of the lip and palate,'6 so the molecular defect underlying this disorder may also be involved in non-syndromic clefting. D1 S65 and D1 S58 which flank the VWS locus'5 were used as markers in a multipoint analysis involving the eight CL/P families. Family data were prepared for analysis using LINKSYS and analysed with two point linkage using LIPED. Two different modes of inheritance and three different levels of penetrance were used in the analysis of the CL/P families. 2 3 Right sided cleft lip and palate 7 11 5 Right sided cleft lip 7 11 5 Left sided cleft lip and palate 14 23 Left sided cleft lip 13 21 A two point linkage analysis between RARA and the eight CL/P families was carried out. In table 5, the lod scores resulting from an analysis testing an autosomal dominant pattern of inheritance of CL/P with penetrance set at 80% are presented. Linkage was excluded between the two with a lod of Z= -3 211 at 0=0 001 and Z=-1-938 at 0=0 05. The other models also failed to show evidence of linkage, although they were less informative (table 5) .
MARKER LOCUS F13A1
F13A1 was used in a two point linkage analysis with the eight families with CL/P. Crossovers were observed between affected subjects and F13A1 in families CD and HN. Family PL was uninformative. The lod scores for all three models are presented in table 6 . Assuming an autosomal dominant pattern of inheritance of CL/P and penetrance of 80%, linkage between F13A1 and CL/P was excluded with a lod score of Z = -2-052 at 0 = 0 05.
CANDIDATE LOCUS VIM
An association analysis was carried out between polymorphisms at the vimentin locus and the presence or absence of CL/P. The allele and genotype frequencies for the BclI polymorphism at the vimentin locus in the CL/P and control populations are presented in table 7 . The distribution of the two alleles between cases and controls and results of the X2 analysis are presented in table 8. There was no significant association with either allele at the vimentin locus and the presence or absence of clefting (X2=0-110, p> 05).
MARKER LOCI D1S65 AND D1S58
Multipoint analysis was carried out using loci D1S65 and D1S58 which flank the Van der Woude locus and the eight CL/P families. The distance between D 1 S65 and D I S58 was estimated to be 15 cM. 27 This was converted to a recombination fraction of 0 = 0-13 using the Haldane mapping function. Crossovers between the two marker loci were observed in families HN, SH, SN, and TY, while between the putative disease locus and affected subjects, crossovers were observed in families BR and SH.
The results of the multipoint analysis, testing an autosomal dominant pattern of inheritance with 80% penetrance, are outlined in the figure. There was no evidence of linkage between CL/P and the chromosome 1 loci with a maximum multipoint lod score of Z = -4 0. A lod score of Z = -20, which is indicative of no linkage, was found 17 cM from D1 S65 and 12 cM from DI S58. Linkage was also There have also been two reports of subjects CRTL1 was used in a two point linkage ana-with syndromic clefting and chromosome ablysis with the eight families with CL/P. errations involving 6p23.2829
Crossovers between CRTL1 and the CL/P
The possibility of a CL/P locus within the phenotype were observed in families BR, CD, 6p24-25 region was not confirmed in the link-FR, PL, and SH. In table 9, the lod scores are age analyses carried out with F13A1 in the shown. There was no evidence of linkage. British families with any of the models of inheritance tested. There is also some evidence against a gene Discussion for CL/P within the human leucocyte antigen Candidates for the role of a major gene in non-(HLA) region, map position 6p2l.3. In a sib syndromic CL/P were selected using several pair analysis, the segregation of HLA haplocriteria and were tested through a combination types in eight families with CL/P did not differ of linkage analyses and association studies. significantly from random mendelian expectaThose loci used in a linkage approach included tion,30 ruling out linkage between HLA and the markers D1S65 and D1S58, CRTL1, CL/P in those families. F13A1, and RARA. It was hoped that a signiIt is possible that a gene for non-syndromic ficant lod score generated by any of these loci CL/P lies distal to 6p21.3 and proximal to would either indicate direct involvement in 6p24-25. Of the two subjects with chromofamilial clefting or suggest a chromosome re-some 6p23 aberrations, one involved a gion. Using an association approach, the loci t(6;9)(p23;q22.3) translocation,29 while the VIM and RARA were tested for their involve-other was a 6p23 terminal deletion.28 Both ment in a group of unrelated CL/P subjects. these subjects had many other clinical maniContrary to the findings reported by Chene-festations apart from CL/P. It is possible that vix-Trench et al,10 there was no significant the phenotype observed in the translocation association between British CL/P subjects and subject is the result of a gene which affects RARA polymorphisms (X2 = 0.954, p > 0 1). In other tissues in addition to the lip and palate.
The syndromic clefting associated with the 6p23 terminal deletion could result from the loss of a number of genes. This region of 6p {e 9 Lod scores for two point linkage of CL/P and CR TLI. Total lod scores with may not be a strong candidate for a major locus autosomal dominant pattern of inheritance of CLIP, 80% penetrance; (2) for non-syndromic clefting. 
